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many characteristic furnace lines which the spark emits very faintly. 
An outstanding feature of these lines for the iron spectrum is a prevail- 
ing large separation and simple triplet structure. Lines of this class are 
often of special interest in the study of sun-spot spectra. 

The furnace offers unique facilities for the production of the inverse 
Zeeman effect when a plug is placed in the tube. The absorption spectra 
resulting from this arrangement were discussed in the preceding com- 
munication. An extended study was made of the magnetic components 
given in absorption by this method. No difference was observed as to 
character or magnitude of separation as compared with the effects for the 
emission spectrum. A means of direct comparison with the magnetic 
effects for absorption lines in the solar spectrum is thus afforded, which may 
be expected to be very useful in tests as to polarization and other features 
at various angles to the lines of force. 



SELECTIVE FERTILIZATION IN POLLEN MIXTURES 
By D. F. Jones 

Connecticut Agrictjettjrai, Experiment Station, New Haven 
Communicated by T. B. Osborne, Read before the Academy, November 10, 1919 

The fact of self-sterility or self-impotency is well established in many 
species of plants and in at least one family of animals. It is also believed 
that even in the normal condition of self-fertility the germ cells from 
different, unrelated individuals in some cases are more efficient in ac- 
complishing fertilization than the germ cells from the same or similar 
individuals. Statements to this effect are made in text books on biology. 

A simple method of accurately testing this assumption is available in 
the use of pollen mixtures which carry such inherited characters that the 
different kinds of seeds resulting from the pollinations can be distinguished. 
By taking pollen from two distinct types of maize, designated A and B, 
in approximately equal quantities, thoroughly mixing, and applying the 
mixture to the plants which furnish the pollen, it is possible to obtain and 
to separate the two kinds of seeds on each plant. On the A plants the 
seeds are A X A self-fertilized and A X B cross-fertilized. Similarly, 
on the B plants the seeds resulting from the mixture are B X A cross- 
fertilized, and B X B self-fertilized. The numbers of individuals in 
each class form a proportion such that the A X A seeds are to the A X B 
seeds (produced on A plants) as the B X A seeds are to the B X B seeds 
(produced on B plants). The end terms of this proportion represent self- 
fertilized, while the middle terms represent cross-fertilized seeds. If 
fertilization takes place at random the numbers form a perfect propor- 
tion, irrespective of the relative amounts of functional pollen present in 
the mixture and independent of the total number of seeds obtained from 
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either the A or the B plants. If there is a deviation from a perfect pro- 
portion, this will be either in favor of cross-fertilization or self-fertilization. 

Results op Mixed Pollinations Giving the Total Number op Sebds, and thb 

Numbers in Each Class Forming Proportions, the Deviations op Which 

Expressed as Per cent, prom the Closest True Proportions, Are 

Largely in Favor op the Plant's Own Kind op Pollen. P Is 

the Probability that the Deviations Are Due to the 

Dipperences op Random Sampling 
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One great advantage of using endosperm characters in this way is that 
the several kinds of seed develop under nearly as favorable environmental 
conditions as it is possible to obtain, so that selective elimination of zygotes, 
which may favor one class more than another, is reduced to a minimum. 
In those plants in which the cross-fertilized and self-fertilized progeny 
cannot be distinguished until they are grown to maturity there is con- 
siderable likelihood that unequal germination and differential viability 
will tend to favor cross-fertilization. Animals are subject to the same 
objection as material for investigating this problem. 

The method of mixed pollination in reciprocal applications is the simplest 
means of accurately testing the efficiency of two kinds of pollen in compe- 
tition with each other. It is impossible to know definitely the relative 



68 GENETICS: D. F. JONES Proc. N. A. S. 

numbers of the two kinds of fertilizing elements present in a mixture. 
Even if it were possible to obtain equivalent amounts of pollen or seminal 
fluids there would be no way of knowing the ratio of the two kinds of 
effective germ cells, since in many species such cells rapidly lose their 
viability. 

In many experiments performed with maize, pollen was collected from 
a number of plants of two distinct but uniform types of plants. Ap- 
proximately equal quantities of each kind of pollen were taken, thoroughly 
mixed by shaking in a bag, and applied to a number of plants of each of 
the two kinds supplying the pollen. The aim was to have from 1000 to 
2000 seeds in each of the two parts of the proportion. Twenty such mixed 
pollinations were made, using many different types of maize, and alto- 
gether there resulted 63,694 seeds. These have been classified, counted, 
and a Sample of each lot grown to test the accuracy of separation, and 
the proportions have been calculated as percentages. See table 1. Seven- 
teen of the twenty show a deviation in favor of the plant's own kind of 
pollen, while only three show the reverse effect. Of the 17 experiments 
which indicate a prepotency of pollen on the stigmas of the plants by 
which it was produced, 2 are not significant when compared with the devia- 
tions expected in sampling. In the remaining 15 the deviations are so 
large that there can be no question that in maize there is a pronounced 
preference of the plant for its own kind of pollen, even though the foreign 
pollen is perfectly capable of accomplishing fertilization when not in 
competition. 

Similar experiments have been carried out with another plant, the 
tomato. Two pollen mixtures were made, utilizing characters by which 
the seedlings could be separated. As with maize, the results give a devia- 
tion favoring the familiar pollen. However, the number of plants ob- 
tained was not large and classification was not so sure as in the experi- 
ments with maize. 

Taking the results from maize alone, magnifying the experimental error 
to its fullest extent, giving due allowance to differential viability, and 
taking into consideration the differences arising from random sampling, 
the conclusion is inevasible that in this species at least there is a definite 
receptiveness of the plant to its own kind of pollen. This is notable in 
view of the great advantages which hybrid vigor gives immediately to the 
cross-fertilized seeds and the plants grown from them. The weight of 
cross-pollinated seed is increased as much as 50% in some cases. Both 
the embryo and endosperm are larger, the seeds have a higher specific 
gravity, and they mature faster, as shown by their lower water content 
at the end of the growing period. The increase in weight, expressed as 
per cent, permits a comparative estimation of the amount of heterosis 
shown by the various combinations involving different materials. There 
is a significant correlation between the amount of heterosis and the prefer- 
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ence shown by the plant for its own pollen. Since heterosis is roughly 
proportional to germinal diversity, the greater the genetic differences 
there are the greater is the handicap placed upon the pollen when com- 
peting with pollen from the plants on which it is to act. This is a re- 
markable result, because in proportion as the cross -fertilization benefits 
the progeny the less effective are the germ cells in accomplishing fertilization. 
It should be clearly kept in mind that the selective action shown in pollen 
mixtures is not the same as a differential potency of unlike gametes pro- 
duced by one individual. In the latter case there is no positive proof 
that such an effect is ever obtained, where the different gametes are all 
viable, and in most cases there certainly is no such action. 

It has been found that the same selective action is shown when first 
generation hybrids are paired as when strains which have been long inbred 
are used. In other words, the effect is apparent, whether the plants have 
a long line of similar ancestors back of them or whether their immediate 
parents are diverse. It is also shown both in plants of weak growth or of 
full vigor, and whether the gametes of either type or both are alike among 
themselves or are exceedingly diverse in the hereditary factors which they 
carry. The only feature in common is that the cytoplasm is alike for all 
the germ cells of one plant, and this cytoplasm, in self-fertilization, is the 
same in which the pollen fulfils its function. This indicates that the un- 
equal fertilizing ability is governed by the rate of pollen tube growth, 
although it may be determined after the male gametes are brought to the 
egg- 
There is current in biological literature the assumption that hetero- 
geneity in protoplasmic structure is favorable to developmental efficiency. 
This idea has been proposed again and again and applied in many different 
ways. Stated in general terms, it implies that the union of diverse ele- 
ments and the resulting lack of balance stimulates growth. This is a 
heritage from Darwinism, and the writer believes that it is founded upon 
fallacious reasoning and is not supported by the facts. 

The hypothesis has been used in theories of rejuvenation, explanations 
of hybrid vigor, and speculations concerning selective fertilization. The 
necessity for sexual reproduction at some time to maintain organisms 
reproducing asexually is no longer admitted. That the process of forming 
gametes which reunite to make a new individual may bring about a re- 
organization of the protoplasm with elimination of waste products result- 
ing in increased growth is easily conceivable, but the significance of such 
a procedure is not necessarily to be found in the bringing together of unlike 
elements. The vigor of hybridization has now been put on a basis of pure 
inheritance, and the physiological stimulation hypothesis is no longer 
needed. Homozygous factor combinations, according to present theory, 
are more efficient than heterozygous combinations of the same factors. 
It now seems that self-prepotency, except in those cases where a definite 
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process has been developed to prevent self-fertilization, indicates that un- 
likeness instead of favoring fertilization is a hindrance. 

So valuable have been the evolutionary advantages of sexual repro- 
duction in increasing variability that many contrivances have been per- 
fected to insure the fulfilment of the function responsible for its creation. 
Self -sterility or self-impotency is one of the many special adaptations which 
serve this purpose. The evidence for selective fertilization favoring or- 
ganisms of the same type, or self-prepotency, is limited just now to one or 
possibly two species. Will it not be strange to find it so restricted? Is 
it not more likely to be a general phenomenon manifested in some degree 
by many organisms? Even in those cases where cross-fertilization is 
made imperative by a physiological impediment to self-fertilization the 
same tendency may operate although overwhelmed by the special adapta- 
tion. One cannot insist that such is the case, with the evidence isolated 
as it is at present. Neither is it maintained that the reaction of the 
cytoplasm of the pollen tubes with the tissues of the host, preceding ferti- 
lization, has any relation with the processes which go on within the cells 
after fertilization. But the prepotency of germ cells acting upon the same 
or similar individuals which produced them is another indication that 
homogeneity, likeness, similarity, familiarity, or however it may be de- 
scribed, in protoplasmic structure is consistent with and favorable to the 
highest developmental efficiency. 



GROUPS GENERATED BY TWO OPERATORS, s lt s 2 , WHICH 
SATISFY THE CONDITIONS Sl m = s 2 n , ( Sl s 2 ) k = 1, Sl s 2 = s 2 *i 

By G. A. Miller 

Department of Mathematics, University of Illinois 

Communicated by E. H. Moore, December 6, 1919 

W. R. Hamilton observed, in 1856, that the groups of movements of 
the five Platonic solids may be defined by means of equations of the form 

Sl » = s 2 n = ( Sl s 2 ) k = 1. 
Various generalizations of these groups were obtained during recent years 
by means of equations of the form 

Si"" = *", M" - 1." 

In both of these cases only a few special values of m, n, k were considered. 
On the contrary, general values of m, n, k are considered in the present note, 
but an additional condition is imposed on s\, s 2 ; viz., the condition that they 
shall be commutative operators. Hence all the groups generated by 
these two operators are abelian. 

The main result obtained in this note may be stated as follows: If 
two commutative operators, S\ands 2 , satisfy the conditions S\" = s 2 n , {siS 2 ) k — 1 



